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Abstract: Previously, we have purified Jerdonitin from Trimeresurus jerdonii venom. Compared with other P- [I class 
snake venom metalloproteinases (SVMPs), Jerdonitin has a primary structure comprising metalloproteinase and disintegrin 
domains. However, no hemorrhagic and fibrinogenolytic activities were detected for Jerdonitin. We thought that organic 
buffer of high performance liquid charamatography (HPLC) might affect its enzymatic activity. In this study, we purified 
Jerdonitin by another procedure excluding the HPLC. It was homogenous as judged by SDS-PAGE and had an apparent 
molecular weight of 36 kDa under non-reducing conditions and 38 kDa under reducing conditions, respectively. Like other 
typical metalloproteinases , Jerdonitin preferentially degraded alpha-chain of human fibrinogen and this fibrinogenolytic ac- 
tivity was completely inhibited by EDTA, but not by PMSF. It was interesting that Jerdonitin did not induce hemorrhage 


after intradermal injection in mice. 


Key words: Trimeresurus jerdonii ; SVMP; Hemorrhage: Fibrinogenolytic activity 


Se 16 ks SK he SS Be A Jerdonitin 
Ho Sa EME TE R 


KAID, a Al, ARR, RAR, RA, 
ERARO, Lew, RRD” 


O. PRRAR RW ADH HOBRHRS, zH EHA 650223; 2. PRRAR DEAR. IR 100039) 


HE: UMRIE RS HEE 2) ALS Jerdonitin, SH I HEA E ARAE, Jerdonitin HAS 
EAMMREA HTS ty RA. (A RY io PA EE RE, HEU ER ee 
PUA i TRAE. KATE BEARER ER BS EER BS BSI Jerdonitin. Jerdonitin 745 JR AE 
IIE SDS-PAGE Ek 4} 5 LAR F ASA 38 Al 36 kDa HAH. KARE S REO E, 
Jerdonitin (ft EREI A SF EE A alpha $, FF EIZIE HERE HK EDTA AMA, if] PMSF RHA Huq. Jer- 
donitin AGF) FA RE F H e 


KWR: KERK A,;, CHES REAM, Hi: ARETE 
RADAS: 0959.6; Q956; Q51 SCRARIRAZ: A XES.: 0254 - 5853 (2005)06 - 0616 - 06 








Snake venom metalloproteinases (SVMPs) are found mainly in viper venoms. Most of SVMPs can 
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cause hemorrhage due to the disruption of blood vessels 
and inhibition of platelet aggregation (Kamiguti et al, 
1996). 

According to their domain structures, SVMPs are 
classified into four major groups (Bjarnason & Fox, 
1994; Jia et al, 1996). Class P- | metalloproteinases 
(20 - 30 kDa) are composed of a single metallopro- 
teinase domain with relatively weak hemorrhagic activi- 
ty. Class P- [Į metalloproteinases (30 - 60 kDa) con- 
sist of a metalloproteinase domain and a disintegrin do- 
main. Normally, these two domains will be separated 
by posttranslational processing and released separately . 
However, Jerdonitin from Trimeresurus jerdonii venom 
(Chen et al, 2003) and bilitoxin-1 from Agkistrodon 
bilineatus venom (Nikai et al, 2000) comprised metal- 
loproteinase and disintegrin domains, which were clas- 
sified as a new type of P- Į class SVMPs. Hemortha- 
gins of the class P-[| are large toxins (60 — 100 kDa) 
with the most potent activity, and comprise multido- 
main enzymes built up by an N-terminal metallopro- 
teinase domain and C-terminal disintegrin-like and 
cyteine-rich domains. Compared with the class P- , 
class P-]V metalloproteinase contains an additional 
disulfide-linked C-type lectin-like domain (about 15 
kDa). 

In this study, we reported the purification and 
characterization of Jerdonitin, a new member of P- ÍI 
class SVMPs, which comprises metalloproteinase and 
disintegrin domains from T. jerdonii venom. 


1 Materials and Methods 


1.1 Materials 

T. jerdonii crude venom was from the stock of the 
Kunming Institute of Zoology, the Chinese Academy of 
Sciences. Sephadex G-75 (superfine ), Q-Sepharose 
high performance, Hi Trap Heparin HP and Resource 
Q columns were from Amersham Biosciences (Uppsala, 
Sweden). Ethylenediaminetetraacetic acid (EDTA ) 
and phenylmenthylsulfonyl fluoride (PMSF) were pur- 
chased from Dongfeng Reagents Company (Shanghai, 
China). Low molecular weight markers, reagents for 
SDS-PAGE and human fibrinogen (plasminogen free ) 
were purchased from Sigma (St Louis, MO, USA). 
Other reagents used were analytic grade. 
1.2 Purification of Jerdonitin 
1.2.1 
high performance Lyophilized crude venom of T. jer- 
donii (1 g) was dissolved in 8 mL of 50 mM Tris-HCl 
buffer, pH 8.0. The solution was centrifuged and the 


Jon-exchange chromatography on Q-Sepharose 


supernatant was applied to Q-Sepharose high perfor- 


mance column (100 mL), pre-equilibrated with the 25 
mM Tris-HCl buffer, pH 8.0. After washing the col- 
umn to remove the unbound materials, bound proteins 
were eluted with a linear gradient (0 -0.32 M) of Na- 
Cl at flow rate of 240 mL/h and monitored at 280 and 
215 nm on Pharmacia FPLC system (AKTA explore). 
Fractions containing the similar molecular weight with 
Jerdonitin and inhibition of ADP-induce platelet aggre- 
gation activity were pooled and lyophilized. 

1.2.2 Gel filtration chromatography on Sephadex G- 
75 (superfine) The active fractions from the previous 
step were dissolved in 25 mM Tris-HCl buffer, pH 
8.0, containing 0.15 M NaCl, and centrifuged at 
10 000 x g for 5 min. The supernatant was loaded on 
Sephadex G-75 (superfine) column (2.6 x 120 cm), 
pre-equilibrated with the same buffer. Flow rate was 9 
mL/h and 3 mL fractions per tube were collected. The 
proteins were traced by monitoring the absorbance at 
215 and 280 nm. 
molecular weight with Jerdonitin and inhibition of ADP- 


Fractions containing the similar 


induce platelet aggregation activity were pooled and di- 
alyzed against 25 mM Tris-HCl buffer, pH 8.0 for the 
further purification . 
1.2.3 Affinity chromatography on Hi Trap Heparin 
HP The active fractions from the prior step were ap- 
plied to the Hi Trap Heparin HP column (5 mL), pre- 
equilibrated with 25 mM Tris-HCl buffer, pH 8.0. Af- 
ter washing the column to remove the unbound pro- 
teins, the bound proteins were eluted with a linear gra- 
dient (O- 1 M) of NaCl at a flow rate of 60 mL/h and 
monitored at 280 and 215 nm on Pharmacia FPLC sys- 
tem (AKTA explore). Fractions containing the similar 
molecular weight with Jerdonitin and inhibition of ADP- 
induce platelet aggregation activity were pooled prior to 
the next step. 
1.2.4 

The active fractions from the preceding step were 
loaded to the Resource Q column (1 mL), pre-equili- 
brated with the 25 mM Tris-HCl buffer, pH 8.0. Elu- 
tion was achieved with a linear NaCl gradient from 0 to 
0.3 M in the same buffer at a flow rate of 0.5 mL/min 
and monitored at 280 and 215 nm on Pharmacia FPLC 
system (AKTA explore) . 
1.3 Determination of molecular weight 

According to the method of Laemmli (1970), non- 

reducing and reducing (in the presence of 5% B-mer- 
captoethanol ) SDS-PAGE were performed in 12.5% 


polyacrylamide gels. Molecular weight standards were 


Ion-exchange chromatography on Resource Q 


rabbit phosphorylase b (97.4 kDa), bovine serum al- 
bumin (66.2 kDa), ovalbumin (43.2 kDa), bovine 
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carbonic anhydrase (30.0 kDa), trypsin inhibitor 
(20.1 kDa) and hen egg white lysozyme (14.4 kDa). 
Protein was stained with Coomassie Brilliant Blue G- 
250. 
1.4 Determination of hemorrhagic activity 

Hemorrhagic activity was assessed by the modified 
method of Ownby et al (1978). Mice were injected 
subcutaneously with a sample dialysed against 50 uL of 
0.9% (w/v) NaCl solution. After 24 h, hemorrhagic 
spot was observed on the inner surface of the removed 
skin. 
1.5 Fibrinogenolytic activity assays 

Fibrinogenlytic activity was determined by a modi- 
fied fibrinogenlytic assay (Gao et al, 1998). The fib- 
rinogen solution (0.2 mL of 2% human fibrinogen in 
50 mM Tris-HCl buffer, pH 7.6, 0.15 M NaCl) was 
mixed with 40 uL of purified protein (10 pg) and incu- 
bated at 37 © for 0, 5, 15, 30, 60, 120 min and 5, 
12, 24h. After the indicated time intervals, an aliquot 
of 20 uL reaction mixture was transferred to 20 pL de- 
naturing reagent (10 M urea, 4% SDS and 4% 2-mer- 
captoenthanol ) and incubated at 100 © for 5 min. The 
sample was then analyzed by 12.5% SDS-PAGE. 
1.6 Recalcification time assays 

Recalcification time assay was carried out accord- 
ing to the method of Lee et al (1995). Briefly, normal 
citrated human plasma (100 uL) was incubated at 37 
© for 1 h to achieve temperature equilibration. Then 


100 uL of sample was added and incubated at 37 © for 
5.0 1.0 
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2 min before plus 100 uL of 30 mM CaCl; to initiate re- 
action. The clotting time was recorded. Accordingly, 
the pro-coagulant activity was expressed by shortening 
the plasma recalcification time while anti-coagulant ac- 
tivity by lengthening it. 


2 Results 


2.1 Purification of Jerdonitin 

Following ion-exchange chromatography on Q- 
Sepharose high performance (Fig. 1A), gel filtration 
chromatography on Sephadex G-75 (superfine) (Fig. 
1B), affinity chromatography on Hi Trap Heparin HP 
(Fig. 1C), and ion-exchange chromatography on Re- 
source Q (Fig. 1D), a homogeneous Jerdonitin, as as- 
certained by SDS-PAGE, was obtained. From SDS- 
PAGE, it was a single chain with an apparent molecu- 
lar weight of 36 kDa under reducing conditions and 38 
kDa under non-reducing conditions, respectively (Fig. 
2). 
2.2 Hemorrhagic activity 

Most of SVMPs cause hemorrhage. However, Jer- 
donitin (15 g) did not produce a hemorrhagic spot 
when injected intradermically in mice, indicating that 
Jerdonitin was a non-hemorrhagic SVMPs. 
2.3 Fibrinogenolytic activity 

It cleaved the a-chain completely and B-chain of 
fibrinogen after 24 h, leaving the y-chain intact (Fig. 
3). 
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Fig. 1 


Purification of Jerdonitin from Trimeresurus jerdonii venom 


A: Ion-exchange chromatography on Q-Sepharose high performance column (100 mL); B: Gel filtration 


chromatography on G-75 (superfine) ; C: Affinity chromatography on Hi Trap Heparin HP column; D: Ion- 


exchange chromatography on Resource Q column. Bars represent Fractions containing Jerdonitin . 
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Fig. 2 SDS-PAGE analysis of Jerdonitin from 
Trimeresurus jerdonii venom 
Lane 1: purified Jerdonitin (1.2 ug) under non-reducing conditions. The 
molecular weight was estimated to be 36 kDa. Lane 2: molecular weight 


markers. Lane 3: Jerdonitin (1.2 ug) under reducing conditions. 


2.4 Recalcification time assay 

The human plasma recalcification time of Jer- 
donitin was not changed, indicating that it had no pro- 
coagulant and anti-coagulant activities. 


3 Discussion 


Jerdonitin, a new type of P- [[ class snake venom 
metalloproteinase , comprises metalloproteinase and dis- 
integrin domains. It has been isolated by gel filtration 
G-100 (superfine), Resource Q column (1 mL) and 
RP-HPLC C, column (Chen et al, 2003). However, no 
hemorrhagic and fibrinogenolytic activities for Jerdonitin 
were found. We think that organic buffer of HPLC 
might affect its enzyme activities. To study whether it 
has enzyme activity, we purified Jerdonitin by another 
procedure through a combination of ion-exchange chro- 
matography on Q-Sepharose high performance (Fig. 
1A), gel filtration chromatography on Sephadex G-75 
(Superfine) (Fig. 1B), affinity chromatography on Hi 
Trap Heparin HP (5 mL) (Fig. 1C) and ion-exchange 
chromatography on Resource Q (1 mL) (Fig. 1D) 
columns. Homogeneous Jerdonitin, as ascertained by 
SDSPAGE (Fig. 2), was obtained. It was a single 
chain with an apparent molecular weight of 36 kDa un- 
der reducing conditions and 38 kDa under non-reducing 
conditions, respectively . 

Most of SVMPs cause hemorrhage. However, Jer- 
donitin (15 yg) did not produce a hemorrhagic spot 
when injected intradermically in mice, indicating that 
Jerdonitin was a non-hemorrhagic SVMPs. The relation 
of hemorrhage and protein primary structure has recent- 
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Fig. 3 Fibrinogen degradation by Jerdonitin: time-course 
analysis by 12.5% SDS-PAGE 
Line 1: fibrinogen solution for 24 h; Lanes 2 ~ 9: Jerdonitin incubated 
with fibrinogen solution for 5, 15, 30, 60, 120 min and 5, 12, 24h. 


ly been studied (Ramos & Selistre-de-Araujo, 2004) . 
The residue Asn183 (numbering in this paper, Fig. 4) 
was N-glycosylated in some hemorrhagic SVMPs and 
this post-translational modification could also influence 
the enzymatic specificity and the hemorrhagic potential . 
Moreover, elimination of the N-glycosylation decreased 
hemorrhagic activity of bilitoxin-1 by 75%, suggesting 
the importance of the N-linked glycosylation sites for 
hemorrhagic activity (Nikai et al, 2000). In our case, 
there was Asp instead of Asn in the 183 position, which 
may influence the hemorrhagic potential. 

Compared with other P- ]| SVMPs, Jerdonitin has 
a typical primary structure comprising both metallopro- 
teinase and disintegrin domains. Jerdonitin dose-depen- 
dently inhibited ADP-induced platelet aggregation with 
ICso of 120 nM though the RGD-containing disintegrin 
domain (Chen et al, 2003). 
degraded fibrinogen through the metalloproteinase do- 
main. It cleaved the a-chain completely and 8-chain of 
fibrinogen after 24 h, leaving the y-chain intact (Fig. 
3). Its fibrinogenolytic activity could be completely in- 
hibited by EDTA, but not by PMSF. The results indi- 
cated that Jerdonitin really has enzymatic activity. Most 


Furthermore, Jerdonitin 


of the a-fibrinogenases, which specifically process the 
( Ro- 
drigues et al, 2000). Jerdohagin was also an a-fibrino- 


a-chain of fibrinogen, are metalloproteinases 
genase purified from T. jerdonii (Chen et al, 2004). 
Analyzing their digestion time, we found that jerdohagin 
completely digested human fibrinogen a-chain in 5 h. 
However, Jerdonitin did not digest it completely in 5 h, 
indicating that Jerdonitin was a weak a-fibrinogenase. 
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-OQ---=- RY IELVIVADHRMYTKY DGDKTEISSKIYETANNLNEI YRHLKIHVVLIGLEMWSSGELSKVTLS 


-ERYNP-YKY IELFLVVDNRMVTKYNGDLDKIKTRIYELVWNI LNEIYRPLY IRVALVGIEEFWCNKDLINVKSA 
~QRYNP-FRYVELVLVADKGMVTKNNGDLDKIKTRMY ELANNLNDI YRYMY IHVALVGVEIWSDGDKITVT PN 
QQRYLNNFREIELVIVADYRMFTKENSNLNEVKTWVYEI VNTLNEIYRYLYVRVALVALEVWSNGDLSSVTLS 
-QQREP-RRY IKLAIVVDHGI VITKHHGNLKKIRKWIYQLVNTINNI YRSLNILVALVYLEIWSKONKITVQSA 
QOQRYDP-YKYIEFFVVVDQGT VIKNNGDLDKI KARMYELANI VNEI FRY LYMHVALVGLEIWSNGDKITVKPD 
80 90 100 110 120 130 140 
ADETLDSFGEWRERDLLORKRHDNAQLLTGMI FNEKI EGRAYKESMCDPKRSVGI VRDHRTRPHLVANRMAHE 
SSVTLASFANWRESVLPNRT SHDNAQLLTAIVENRGVIGSAY PAGMCDPNRSVGTVQDHSEINLQVAITMAHE 
VDDTLSSFAEWRKT DLLTRKKHDNAQLLTAI DENG PTI GYAY IASMCHPKRSVGIVQDYSPINLVLSVVMAHE 
AY DTLDSFGEWRKRDLLKRKSHDNAQLLTAI DENGTI IGLAHVASMCDPKCSTGI VQDYSSRNLVVAVIMAHE 
SNVTLDLEGDWRESVLLKQRSHDCAQLLTT I DFDGPT IGKAY TASMCDPKRSVGI VQDYSPINLVVAVIMTHE 
VDYTLNS FAEWRKT DLLTRKKHDNAQLLTAI DENG PT IGYAY IGSMCH PKRSVGIVQDYS PINLVVAVIMAHE 


150 160 170 180 190 200 210 * 
LGHNLGFHHDGDSCTCGANSC IMSATVSNE PSSRFSDCSLFQYSSDI IHNPETSRCLYNE PSKT DIVSPSVCG 


IGHNLGMGHDNNSCTCGGYSCIMLPALS DQPSKY FSNCSYIQYRDFIMNQ~-DPQCILNEPSGTDIVSPPVCG 
MGHNLGIHHDGSY CSCGDYACIMGATI SHEPST FFSNCSY I QCWDFIMDH--NPECI VNE PLGT DI VSPPVCG 
MGHNLGIRHDRENCTCHANSCIMSAVISDQPSKYFSNCS HVQYWNY INDD--E PQCILNEPLRTDIVSPPVCG 
MGHNLGI PHDGNSCTCGGFPCIMS PMISDP PSELFSNCSKAYYQTFLTDH-~-KPQCI LNAPSKT DIVSPPVCG 
MGHNLGIHHDTGSCSCGDy PC IMG PT ISNE PSKEFSNCSY IQCWDFIMNH~-NPECI INEPLGTDIISPPVCG 
280 290 
NYYMEVGE DC DCGP PANCOQN PCCDAATCRLT PGSQCADGLCCDQCREMKKGTI CRIARGD-DLDDYCNGI SAG 
NDI LEVGEECDCGC PRNCQDPCCNAATCKKY SWVQCESGECCDQCRFKGAGTECRRAMGD~D PGGRCTGQSAD 
NELLEVGEECDCGT PENCQNECCDAATCKLKSGSQCGHGDCCEQCK FSKSGTECRESMPECDPAEHCTGQSSE 
NELLEVGEECDCGS PATCRY PCCDAATCKLHSWVE CESGECCEQCRFRTAGTECRARRSECDIAESCTGHSAD 
NELLEAGEECDCGS PENCQYQCCDAASCKLHSWVKCESGECCDQCR FRTAGTECRAAESECDI PESCTGQSAD 
NELLEVGEECDCGT PENCQNECCDAATCKLKSGSQCGHG DCCEQCK FSKSGTECRASMSECDPAEHCTGQSSE 
300 
CPRNPFHA 
CRS s=2= RN 310 320 330 340 350 360 
CPADV FHKNGQPCLDNYGYCYNGNCP IMYHQCY ALWGADVY DAE DSCFESNTKGNY YGYCRKENGIKIPCAPE 
CPTDREHRNGQPCLHNEGY CY NGNCPIMYHQCYALWGANATVAKDSC PE DNOKGN DYGYCRKENGRKI PCE PQ 
CPT DREHRNGQPCLYNHGYCYNGKCPIMFY QCY FLFGSNAT VAEDDCFNNNKKGDKYFYCRKENEKY I PCAQE 
CPADVFHKNGOPCLDNY GY CYNGNCPIMYHOCYALFGADVY EAE DSCFK DNOKGNYYGYCRKENGKKI PCAPE 


370 380 390 400 410 420 
DVKCGRLYCKDNS PGQNNPCKMFY SNEDEHKGMVL PGTKCGDGKVCSNGHCVDVATAY 
DVKCGRLYCSLG-- -NQLPCREFY TPT DENIGMVDTGTKCGDKKVCSNRQCVDVNTAY 
DVKCGRLFCDN- -- -KKY PCHYNY S- E DLDFGMVDHGTKCADGKVCSNRQCVDVNEAYKSTTVFSLI 
DVKCGRLY CK DNSPGQNN PCKMEY SN DDEHKGMVL PGTKCADGKVCSNGHCVDVATAY 


Fig. 4 Comparison of the amino acid sequence of Jerdonitin with those of bilitoxin-1 and 


P- {fl class SVMPs which undergo autolysis 


Jerd: Jerdonitin (Chen et al, 2003); Bili: bilitoxin-1 (Nikai et al, 2000); Brev: Brevilysin H6 (Fujimura et al, 
2000); Jara: jararhagin (Paine et al, 1992). HRla and HR\b (Kishimoto & Takahashi, 2002) . 


There are human prothrombin or Fator X activators 
in the snake venom, which had the pro-coagulant ac- 
tivity (Zhang et al, 1998a, b; Kini et al, 2001; Siigur 
et al, 2001; Samel et al, 2003). The human plasma 
recalcification time of Jerdonitin was not changed, in- 
dicating that it had no pro-coagulant and anti-coagulant 
activities. Recalcification time assay suggested that 
Jerdonitin did not effect on the human plasma coagulant 
factors. It should not be human prothrombin or Factor 
X activator. 

In the P-[I] class SVMPs, there is a cysteine 
residue in position 218 (Fig. 4). It would form a 
disulfide bond with free cysteine in the succeeding dis- 
integrin-like domain, and therefore the spacer and dis- 
integrin domains can not be released from the metallo- 
proteinase after the posttranslational processing (Fox & 


Bjarnason, 1995; Siigur et al, 1996; Jeon & Kim, 
1999). Cysteine 218 of Jerdonitin and bilitoxin-1, a 
new type of P- Í| class SVMPs, was very important for 
connect of their metalloproteinase and disintegrin do- 
mains. 

Although the metalloproteinase and disintegrin- 
like domains of P-[I] class SVMPs will not be separated 
after the posttranslational processing, more and more 
evidence showed that these two domains would be 
cleaved by the autolysis (Fig. 5). Autolysis, adding to 
the molecular complexity of the venom, also plays a 
role in the biological complexity of the venom. Com- 
pared with bilitoxin-1 and P-[[] class SVMPs, which 
have autolysis, Jerdonitin had also the cysteine 218 in 
the spacer domain and its mature protein consisted of 


So Jer - 


metalloproteinase and disintegrin domains . 
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Fig. 5 Schematic models of the maturation process of SVMPs which undergo autolysis 
Sig: signal peptide; Pre: prepeptide domain; Metalloproteinase: metalloproteinase domain; Spa: spacer domain; Dis: disintegrin 


domain or disintegrin-like and Cysteine-rich domains. 


donitin might also undergo the autolysis. 
In conclusion, we purified Jerdonitin in a new pro- 
cedure from T. jerdonii venom. Jerdonitin cleaved the 
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